United States Patent

US009477652B2

(12) (10) Patent No.: US 9,477,652 B2
Huang 45) Date of Patent: Oct. 25,2016
(54) MACHINE LEARNING DIALECT 9,031,829 B2* 5/2015 Leydon ......c.ceow. GOG6F 17/28
IDENTIFICATION 9,231,898 B2* 1/2016 Orsini H04A£32/11/?g
(71) Applicant: Facebook, Inc., Menlo Park, CA (US) 9,245,278 B2* 1/2016 Orsini ...... «. GOGF 17/2854
9,336,206 B1* 5/2016 Orsini ...... .... GOGF 17/2854
(72) Inventor: Fei Huang, Boonton, NJ (US) 2007/0136222 Al*  6/2007 Horvitz .......c........ GO6N 5/04
706/45
(73) Assignee: FACEBOOK, INC., Menlo Park, CA 2010/0121639 Al 5/2010 Zweig
US 2012/0029910 Al 2/2012 Medlock et al.
US) 2012/0035915 Al* 2/2012 Kitade .....cccceoeeenn GI10L 15/197
(*) Notice: Subject to any disclaimer, the term of this 704/9
patent is extended or adjusted under 35 2012/0109649 AL* 52012 Talwar ... G107I~0}‘/52/g§
US.C. 154(b) by 0 days. 2014/0006929 AL* 12014 SWartz ..o GOGF 3/0237
. 715/234
(21) Appl. No.: 14/621,921 2014/0280592 Al 9/2014 Zafarani et al.
22) Filed: Feb. 13, 2015 2014/0335483 Al 112014 Buryak et al.
(22) )
. L 2015/0161104 Al 6/2015 Buryak et al.
(65) Prior Publication Data (Continued)
US 2016/0239476 A1 Aug. 18, 2016
OTHER PUBLICATIONS
(51) Imt.CL
GO6F 1720 (2006.01) Non-Final Office .Action mailed Dec. 17, 2015, for U.S. Appl. No.
GOG6F 17/21 (2006.01) (Continued)
GO6F 17/28 (2006.01) Primary Examiner — Satwant Singh
GIOL 15/00 (2013.01) (74) Attorney, Agent, or Firm — Perkins Coie LLP
GIOL 15726 (2006.01) 57
57 ABSTRACT
(52) US. CL
CPC ... GO6F 17/275 (2013.01); GO6F 17/28  Technology is disclosed for creating and tuning classifiers
(2013.01); GIOL 15/005 (2013.01); G10L for language dialects and for genprating dia.lect-sp.ec.iﬁc
15/26 (2013.01) language modules. A computing device can receive an initial
: : ; training data set as a current training data set. The selection
(58) ~ Field of Classification Search procesfs% for the initial training datagset can be achieved by
Igeoélz lication file for complete search histo receiving one or more initial content items, establishing
PP P R4 dialect parameters of each of the initial content items, and
(56) References Cited sorting each of the initial content items into one or more

U.S. PATENT DOCUMENTS

dialect groups based on the established dialect parameters.
The computing device can generate, based on the initial
training data set, a dialect classifier configured to detect

8,145,484 B2 3/2012 Zweig : : :
8990.068 B2*  3/2015 OISin} oo GOGF 17/2854 language dlalepts of content items to be cl.as.51ﬁed. The
704/2 cqmputlgg device can augment the cmrent trau}lng data se;t
8,996,352 B2*  3/2015 OrSini oo GOGF 17/2854 with addlthnal training dgta by applying thq dlalect. classi-
434/157 fier to candidate content items. The computing device can
8,996,353 B2* 3/2015 Orsini ....cccooeveeen. GOGF 17/289 then update the dialect classifier based on the augmented
o 704/10 current training data set.
8,996,355 B2* 3/2015 Orsini ....cccoeveneeee. GOG6F 17/289
704/2 21 Claims, 6 Drawing Sheets
= ] )
100 _
~ L
S cPy ;
0
¥
Memory
150
Program Memery 160
Operating System
162
Dialect C\asjw!é:a!ion Engine Da‘ax;mry
Other Applications
166




US 9,477,652 B2

Page 2
(56) References Cited OTHER PUBLICATIONS
U.S. PATENT DOCUMENTS U.S. Appl. No. 14/302,032 of Herdagdelen, A. et al., filed Jun. 11,
2014.
2015/0161114 Al 6/2015 Buryak et al. U.S. Appl. No. 14/559,540 of Eck, M. et al., filed Dec. 3, 2014.
2015/0161227 Al 6/2015 Buryak et al. U.S. Appl. No. 14/586,022 of Huang, F. et al., filed Dec. 30, 2014.
2015/0213008 Al*  7/2015 Orsini ...ccocvvveneen. GO6F 17/28 U.S. Appl. No. 14/967,897 of Huang F. et al., filed Dec. 14, 2015.
704/2 U.S. Appl. No. 14/980,654 of Pino, J. et al., filed Dec. 28, 2015.
2015/0363388 Al  12/2015 Herdagdelen et al. Final Office Action mailed Jul. 1, 2016, for U.S. Appl. No.
2016/0162477 Al* 6/2016 Orsini ......ccoeveneen. HO4L 51/12 14/302,032 of Herdagdelen, A., filed Jun. 11, 2014.
704/2 U.S. Appl. No. 15/199,890 of Zhang, Y. et al., filed Jun. 30, 2016.
2016/0162575 Al 6/2016 Eck et al. U.S. Appl. No. 15/244,179 of Zhang, Y., et al., filed Aug. 23, 2016.

2016/0188576 Al 6/2016 Huang et al. * cited by examiner



US 9,477,652 B2

Sheet 1 of 6

Oct. 25, 2016

U.S. Patent

I °DIA

(A%
Aowepy Ble(

991

suoneolddy 1eu10

P9l

suBug uoneoswsse|D p8eIg

291

wajsAg Buigeiadp

091 Aoweayy welboly

0sL
Aoy
A
A 4
oLl
ndo
S S
R A
0zi
AT feisig Seed
‘ wndyj

001



US 9,477,652 B2

Sheet 2 of 6

Oct. 25, 2016

U.S. Patent

064a¢e

a62e

v§ee

4d

00¢¢

q0¢2¢




U.S. Patent

US 9,477,652 B2

Oct. 25,2016 Sheet 3 of 6
302
304 .
CPU working
memory
310 308
Vo storage
memory
320
326 322 local 324
BIOS oS oca
programs
340
342 344 dialect 346
data o
. : classifier
interface bootstrapping .
module generation
module
dialect 348 350
classifier crowd sourcing
application module
module

FIG. 3



U.S. Patent

Oct. 25,2016 Sheet 4 of 6

402

( start )

404

bootstrap training data set

406

build classifier

408

use classifier to add additional
training data to training data
set

410

build classifier with current

US 9,477,652 B2

400

training data set

412

416

re-evaluate training data set
with classifier

No

remove incorrectly
classified items from
training data set

414

identified

incorrectly classified Yes

A

iraining data
items?

classifier complete?

420

use training data or obtain
training data using classifier to
build language model

422

end

FIG. 4



U.S. Patent Oct. 25, 2016 Sheet 5 of 6 US 9,477,652 B2

500

502

{ start )

receive content items

504

506

identify parameters for dialect
classification

508

sort content items into dialect
groups

510

return classified content items
or identified dialects

512

end

FIG. 5



U.S. Patent Oct. 25, 2016 Sheet 6 of 6 US 9,477,652 B2

600

604
receive content items with
identified dialect parameters

l 606
set a content item as current
content item

®

608

compute value for dialect
identification in known dialects

value above
threshold?

, 614 Yes

determine which of the 624
identified dialect
parameters are distinctive set next content

item as current
content item

A

existing dialect cluste
matches the distinctive
parameters?

X 612

classify content item as
in known dialect cluster

A 4 618
create new dialect

cluster as selected
cluster

620

add current content

item to the selected
cluster

Yes

more content item?

return clusters

628

end

FIG. 6



US 9,477,652 B2

1
MACHINE LEARNING DIALECT
IDENTIFICATION

BACKGROUND

The Internet has made it possible for people to connect
and share information globally in ways previously undreamt
of. Social media platforms, for example, enable people on
opposite sides of the world to collaborate on ideas, discuss
current events, or share what they had for lunch. In the past,
this spectacular resource has been somewhat limited to
communications between users having a common natural
language (“language”). In addition, users have only been
able to consume content that is in their language, or for
which a content provider is able to determine an appropriate
classification or translation.

While communication across the many different lan-
guages used around the world is a particular challenge,
several types of language modules, such as language clas-
sifiers, language models, and machine translation engines,
have been created to address this concern. These language
modules enable “content items,” which can be any item
containing language including text, images, audio, video, or
other multi-media, to be quickly classified, translated,
sorted, read aloud, and otherwise used based on the seman-
tics of the content item. Language modules can be created
using “training data,” which is data with a classification that
can be compared to other data to assign additional classifi-
cations. Training data is often obtained from news reports,
parliament domains, educational “wiki” sources, etc. where
language classifications are assigned. In many cases, sources
of the training data do not account for differences in dialect
used within particular languages. For example, traditional
speech recognition and machine translation systems for
Arabic focus on Modern Standard Arabic (MSA), and do not
account for other Arabic dialects, which can differ from
MSA lexically, syntactically, morphologically, and phono-
logically. Such speech recognition and machine translation
systems are not able to adequately recognize or translate
content items to or from non-MSA dialects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an overview of
devices on which some implementations of the disclosed
technology can operate.

FIG. 2 is a block diagram illustrating an overview of an
environment in which some implementations of the dis-
closed technology can operate.

FIG. 3 is a block diagram illustrating components which,
in some implementations, can be used in a system employ-
ing the disclosed technology.

FIG. 4 is a flow diagram illustrating a process used in
some implementations for creating and tuning a dialect
classification engine.

FIG. 5 is a flow diagram illustrating a process used in
some implementations for bootstrapping initial training data
set.

FIG. 6 is a flow diagram illustrating a process used in
some implementations for grouping content items.

DETAILED DESCRIPTION

Language dialect technology is disclosed that creates and
tunes classifiers for language dialects and generates dialect-
specific language modules. The language dialect technology
can obtain initial bootstrap training data and build a dialect
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classification engine (e.g., a neural network or other classi-
fier technologies) for a selected dialect based on the initial
bootstrap training data. The language dialect technology can
iteratively apply the dialect classification engine to content
items and thereby identity additional training data for the
selected dialect. The additional training data can be used to
update the dialect classification engine to improve its clas-
sification capabilities. The updated dialect classification
engine can also identify misclassified content items that are
not in the selected dialect using the improved classification
capabilities of the updated dialect classification engine, such
that misclassified content items can be removed from the
training data creating improved training data. A “content
item” can be any item containing language including text,
images, audio, video, or other multi-media. As examples, a
content item can be anything used in a social media site such
as a wall post, comment, status update, message, fan post,
news story, event, etc. In some implementations, the lan-
guage dialect technology can use either or both of the visual
data and the audio data.

The language dialect technology can further update the
dialect classification engine with the improved training data.
Removing misclassified content items and updating the
dialect classification engine can be repeated iteratively until
no additional misclassified content items are found. The
language dialect technology can use the resulting dialect
classification engine or training data to create language
modules, including machine translation engines, speech
recognition systems, language classifiers, and language
models, each of which account for differences in dialects.
For example, variants of the same language (e.g., American
English versus British English), can use different meanings
of the same word, non-standard phrases (e.g., slang), etc.
The word “lift,” for example, can mean “move upward”
among speakers of American English (as that word is
commonly used in America), whereas it can mean “elevator”
in content items created by English speakers with a British
dialect. Depending on the dialect classification assigned to a
content item by a dialect classification component, the
phrase, “press the button for the lift,” can be translated into
an equivalent of either “press the button for the elevator” or
“press the button to go up.”

Language dialect technology can obtain initial bootstrap
data in various ways. For example, “crowd-sourcing”
through social media or publicly available classification data
can be used to identify content items that are in a particular
language dialect; dialect classifications can be obtained by
examining content items’ author location or author dialect,
e.g., identified user city, state or country, specified language
dialects, 1P information, dialect attributes of a user’s social
media friends, dialect attributes of group memberships,
users interacting with content items with identified dialects,
etc. In some implementations, the content item itself or the
area to which the content item is posted can contain useful
locale or language information. For example, a content item
can be posted on a website that is associated with a particular
dialect or location. The methods of obtaining initial boot-
strap data can also be used to select additional candidate
content items for the iterative training process.

The iterative training process improves the quality of
dialect classification engines. In some implementations, the
iterative training process ends when there is no more addi-
tional training data to be discovered by the classification
engine. In some implementations, the iterative training pro-
cess ends when the number of content items by which the
dialect classification engine has been trained exceeds a
threshold number. In some implementations, the iterative
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training process ends when a confidence level attributed to
the dialect classification engine exceeds a threshold level.

After the iterative training process, the set of training data
and/or the completed dialect classification engine can be
used to build a language module for various purposes. For
example, the language dialect technology can build a lan-
guage model for speech recognition. An audio signal and the
language model can be supplied to a speech recognition
engine to generate a textual transcript for the audio signal in
a particular dialect. As a further example, the language
module can be a machine translation engine using a dialect-
specific language model. A machine translation engine can
use the dialect-specific language model to translate a content
item from English to a particular dialect of Arabic. The
dialect-specific language model can help determine the
language rules for generating textual data in that particular
dialect of Arabic. As a further example, a machine transla-
tion engine can use a dialect classification engine to identify
a source dialect for a content item to be translated into
another language. Once the dialect is identified, the machine
translation engine can properly translate the content item
from the dialect to another dialect or another language.

Several implementations of the described technology are
discussed below in more detail in reference to the figures.
FIG. 1 is a block diagram illustrating an overview of devices
100 on which some implementations of the disclosed tech-
nology may operate. The devices can comprise hardware
components of a device 100 that creates and tunes classifiers
for language dialects and generates dialect-specific language
modules. Device 100 can include one or more input devices
120 that provide input to the CPU (processor) 110, notifying
it of actions. The actions are typically mediated by a
hardware controller that interprets the signals received from
the input device and communicates the information to the
CPU 110 using a communication protocol. Input devices
120 include, for example, a mouse, a keyboard, a touch-
screen, an infrared sensor, a touchpad, a wearable input
device, a camera- or image-based input device, a micro-
phone, or other user input devices.

CPU 110 can be a single processing unit or multiple
processing units in a device or distributed across multiple
devices. CPU 110 can be coupled to other hardware devices,
for example, with the use of a bus, such as a PCI bus or SCSI
bus. The CPU 110 can communicate with a hardware
controller for devices, such as for a display 130. Display 130
can be used to display text and graphics. In some examples,
display 130 provides graphical and textual visual feedback
to a user. In some implementations, display 130 includes the
input device as part of the display, such as when the input
device is a touchscreen or is equipped with an eye direction
monitoring system. In some implementations, the display is
separate from the input device. Examples of display devices
are: an LCD display screen, an LED display screen, a
projected display (such as a heads-up display device or a
head-mounted device), and so on. Other I/O devices 140 can
also be coupled to the processor, such as a network card,
video card, audio card, USB, FireWire or other external
device, camera, printer, speakers, CD-ROM drive, DVD
drive, disk drive, or Blu-Ray device.

In some implementations, the device 100 also includes a
communication device capable of communicating wirelessly
or wire-based with a network node. The communication
device can communicate with another device or a server
through a network using, for example, TCP/IP protocols.
Device 100 can utilize the communication device to distrib-
ute operations across multiple network devices.
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The CPU 110 has access to a memory 150. A memory
includes one or more of various hardware devices for
volatile and non-volatile storage, and can include both
read-only and writable memory. For example, a memory can
comprise random access memory (RAM), CPU registers,
read-only memory (ROM), and writable non-volatile
memory, such as flash memory, hard drives, floppy disks,
CDs, DVDs, magnetic storage devices, tape drives, device
buffers, and so forth. A memory is not a propagating signal
divorced from underlying hardware; a memory is thus
non-transitory. Memory 150 includes program memory 160
that stores programs and software, such as an operating
system 162, dialect classification engine 164, and any other
application programs 166. Memory 150 also includes data
memory 170 that can include, e.g., training data used by the
dialect classification engine 164, configuration data, set-
tings, and user options or preferences which can be provided
to the program memory 160 or any element of the device
100.

The disclosed technology is operational with numerous
other general purpose or special purpose computing system
environments or configurations. Examples of well-known
computing systems, environments, and/or configurations
that may be suitable for use with the technology include, but
are not limited to, personal computers, server computers,
handheld or laptop devices, cellular telephones, wearable
electronics, tablet devices, multiprocessor systems, micro-
processor-based systems, set-top boxes, programmable con-
sumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that include
any of the above systems or devices, and the like.

FIG. 2 is a block diagram illustrating an overview of an
environment 200 in which some implementations of the
disclosed technology may operate. Environment 200 can
include one or more client computing devices 205A-D,
examples of which may include device 100. Client comput-
ing devices 205 can operate in a networked environment
using logical connections 210 through network 230 to one or
more remote computers such as a server computing device.

In some implementations, server 210 can be an edge
server which receives client requests and coordinates ful-
fillment of those requests through other servers, such as
servers 220A-C. Server computing devices 210 and 220 can
comprise computing systems, such as device 100. Though
each server computing device 210 and 220 is displayed
logically as a single server, server computing devices can
each be a distributed computing environment encompassing
multiple computing devices located at the same or at geo-
graphically disparate physical locations. In some implemen-
tations, each server 220 corresponds to a group of servers.

Client computing devices 205 and server computing
devices 210 and 220 can each act as a server or client to
other server/client devices. Server 210 can connect to a
database 215. Servers 220A-C can each connect to a corre-
sponding database 225A-C. As discussed above, each server
220 may correspond to a group of servers, and each of these
servers can share a database or can have their own database.
Databases 215 and 225 can warehouse (e.g. store) informa-
tion such as training data, content items, dialect identifica-
tion information, etc. Though databases 215 and 225 are
displayed logically as single units, databases 215 and 225
can each be a distributed computing environment encom-
passing multiple computing devices, can be located within
their corresponding server, or can be located at the same or
at geographically disparate physical locations.

Network 230 can be a local area network (LAN) or a wide
area network (WAN), but can also be other wired or wireless



US 9,477,652 B2

5

networks. Network 230 may be the Internet or some other
public or private network. The client computing devices 205
can be connected to network 230 through a network inter-
face, such as by wired or wireless communication. While the
connections between server 210 and servers 220 are shown
as separate connections, these connections can be any kind
of local, wide area, wired, or wireless network, including
network 230 or a separate public or private network.

FIG. 3 is a block diagram illustrating components 300
which, in some implementations, can be used in a system
implementing the disclosed technology. The components
300 include hardware 302, general software 320, and spe-
cialized components 340. As discussed above, a system
implementing the disclosed technology can use various
hardware including central processing units 304, working
memory 306, storage memory 308, and input and output
devices 310. Components 300 can be implemented in a
client computing device such as client computing devices
205 or on a server computing device, such as server com-
puting device 210 or 220.

General software 320 can include various applications
including an operating system 322, local programs 324, and
a BIOS 326. Specialized components 340 can be subcom-
ponents of a general software application 320, such as a
local program 324. Specialized components 340 can include
components which can be used for controlling and receiving
data from the specialized components, such as interface 342,
and a data bootstrapping module 344, a dialect classifier
generation module 346, a dialect classifier application mod-
ule 348 and a crowd sourcing module 350.

The data bootstrapping module 344 can select an initial
training data set as a current training data set by receiving
one or more initial content items, establish dialect param-
eters for one or more of the initial content items, and sort the
initial content items into one or more dialect groups based on
the established dialect parameters.

The data bootstrapping module 344 can implement vari-
ous procedures to establish the dialect parameters. The data
bootstrapping module 344 can identify content items asso-
ciated with one or more specified locations identified as
correlated to a dialect. For example, a web post is associated
with a particular Arabic country, the web post can be
identified as in the particular Arabic dialect used in that
country. The data bootstrapping module 344 can identify
content items authored by one or more users identified as
correlated to the dialect. For example, if an online article is
authored by a user who has been identified as using a
particular dialect, the data bootstrapping module 344 can
determine that the online article is likely in that dialect.

The data bootstrapping module 344 can identify content
items that use one or more n-grams, n-gram types, or word
endings correlated to the dialect. An n-gram is a contiguous
sequence of n items from a given sequence of text or speech.
The items can be, e.g., phonemes, syllables, letters, words or
base pairs. The data bootstrapping module 344 can identify
content items that use punctuation or grammar in a manner
correlated to a dialect. The data bootstrapping module 344
can identify spelling of words in the content items that are
distinctive for a language dialect. For example, if an online
post uses a particular word ending, punctuation, grammar, or
word spelling that is unique for a dialect, the data bootstrap-
ping module 344 can determine that the online post is in that
dialect.

The data bootstrapping module 344 can identify content
items that are correlated to the dialect based on user inter-
action with the content items. For example, if an online
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6

article is rated by users that are known using Arabic, the data
bootstrapping module 344 can determine that the online
article is in that dialect.

The dialect classifier generation module 346 can generate
a dialect classifier based on the initial training data set. This
can occur, for example, by training a classifier such as a
neural network or support vector machine. The dialect
classifier can detect content item language dialects.

The dialect classifier application module 348 can alter the
current training data set with additional training data by
applying the dialect classifier to additional candidate content
items. In addition, the classifier application module 348 can
apply the dialect classifier to items in the current training
data set to identify items that have an incorrect dialect
classification. The current training data set can be altered to
remove misclassified content items. The altered current
training data set can be used by dialect classifier generation
module 346 to update the dialect classifier.

The crowd sourcing module 350 can generate user inqui-
ries regarding the dialect of the content items. Based on the
results of the user inquiries, the crowd sourcing module 350
can augment the current training data set based on results of
the user inquiries, such that the classifier can be improved
using the augmented training data set.

Those skilled in the art will appreciate that the compo-
nents illustrated in FIGS. 1-3 described above, and in each
of the flow diagrams discussed below, may be altered in a
variety of ways. For example, the order of the logic may be
rearranged, substeps may be performed in parallel, illus-
trated logic may be omitted, other logic may be included,
etc.

FIG. 4 is a flow diagram illustrating a process 400 used in
some implementations for creating and tuning a dialect
classification engine. The process 400 identifies the lan-
guage dialect in the content items, and uses the content items
as training data to tune a particular dialect classification
engine for the dialect. With the training using the content
items, the dialect classification engine has a better capability
to identify the dialect in additional content items.

At block 404, the process 400 bootstraps (i.e., identifies
and retrieves) an initial training data set based on various
characteristics of candidate content items. FIG. 5 discloses
the bootstrapping process in further detail. The initial boot-
strap data can be obtained in various ways. For example,
crowd-sourcing through social media or publicly available
classification data can be used to identify the content items
that are in a particular language dialect. The system can
identify content items in particular dialects by examining
author data, content items’ data, and/or metadata, e.g., user
specified city, state or country, user profile including lan-
guage dialect information, social media friends, group mem-
berships, users interacting with content items posted by
authors, users interacting with the author, age, IP informa-
tion, etc. This data or metadata can indicate a location of the
author or dialect used by the author in the content items. The
content item itself or the area to which the content item is
posted can also contain useful locale or language informa-
tion. For example, a content item can be posted on a website
that is associated with a particular dialect or location.

Once the initial training data set is available, at block 406,
the process 400 builds the classification engine (also referred
to as the classifier) using the initial training data set. For
example, the classifier can be a linear classifier that assigns
a score based on a vector of weights. The values of the
weights are determined (trained) using the initial training
data set as the input vector. Similarly, if the classifier is a
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logistic regression model, the initial training data set can be
used to fit the model by variable selection and/or parameter
estimation.

Blocks 408-418 demonstrate an iterative process for mak-
ing a better and more useful classifier by identifying addi-
tional training data using the classification engine, updating
the classification engine using the newly identified addi-
tional training data, and removing incorrectly classified
content items from the training data set. At block 408, the
process 400 uses the classification engine to add training
data to the training data set. For example, the process 400
can search a social media website to locate additional
candidate content items (e.g., web posts) that are possibly
written or spoken in the dialect. The process 400 uses the
classification engine to determine whether the additional
candidate content items are in the dialect. The process 400
adds the additional candidate content items which are con-
firmed by the classification engine to the training data set.

The process 400 continues to block 410 to build the
classification engine using the current training data set
including the newly added content items. In some imple-
mentations, the process 400 rebuilds the classification
engine completely using the current training data set. In
some other implementations, the process 400 updates the
classification engine by additional training using the newly
added content items.

After the classification engine is updated, at block 412,
the process 400 uses the updated classification engine to
re-evaluate the content items in the training data set. The
updated classification engine has a better chance to identify
the misclassified content items that have been wrongly
labeled as written or spoken in the dialect. At decision block
414, the process 400 determines whether the classification
engine has identified any incorrectly classified training data
items. If there are incorrectly classified training data items,
at block 416, the process removes the incorrectly classified
items from the training data set. Then the process 400 goes
back to block 410 to again build the classification engine
with the current training data set without the incorrectly
classified items. The process of blocks 410, 412, 414 and
416 can be performed iteratively until there are no more
incorrectly classified training data.

If the process 400 determines there are no more incor-
rectly classified training data items identified by the current
classification engine, the process 400 proceeds to decision
block 418 to determine whether the training of the classifi-
cation engine is complete. The condition to determine a
complete classifier can vary across implementations. In
some implementations, the process 400 determines the clas-
sifier is complete when the number of content items by
which the dialect classification engine has been trained
exceeds a threshold number. In some implementations, the
process 400 determines the classifier is complete when a
confidence level attributed to the dialect classification
engine exceeds a threshold level. A high confidence level
suggests that the dialect classification accuracy of the clas-
sifier is high. In some implementations, the process 400
determines the classifier is complete when the classifier is
able to classity a pre-determined test data set with a success
rate higher than a threshold level.

If the process 400 determines that the classifier is not
complete, the process 400 goes back to block 408 to use the
classifier to add more training data to the training data set.
If the process 400 determines that the classifier is complete,
the process 400 can proceed to block 420 to use the training
data or obtain training data using the classifier to build a
language model. In some implementations, the goal of the
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process 400 is to build the classification engine instead of a
language model. In these implementations, the process 400
can end immediately after the classifier is complete.

A language model can be used, for example, in speech
recognition technologies. A speech recognition engine can
receive acoustic signals as inputs and use a language model
to recognize the content of the acoustic signals and to
generate a textual transcript for the acoustic signals in a
particular dialect.

The language model can also be used for machine trans-
lation technologies. For example, a machine translation
engine can use a dialect-specific language model to translate
a content item from English to a particular dialect of Arabic.
The dialect-specific language model can help determine the
language rules for generating textual data in that particular
dialect of Arabic.

As a further example, a machine translation engine can
use a dialect classification engine to identify a source dialect
for a content item to be translated. Then the machine
translation engine can properly translate the content item
from the identified dialect to another dialect or another
language.

The language model can include language rules and
information useful for generating text in a particular dialect.
For example, the language model can determine proper
word endings for certain action verbs in a certain tense in a
particular dialect. The classification engine can be an algo-
rithm for identifying the dialect of a content item. The
coeflicients of the algorithm (e.g., function coeflicients of an
artificial neural network) are trained using a training data set
including content items that are in the particular dialect.

FIG. 5 is a flow diagram illustrating a process 500 used in
some implementations for bootstrapping an initial training
data set. At block 504, the process 500 receives content
items. In some implementations, the received content items
can be in the same language. The received content items can
be in different dialects of the same language. For example,
the process 500 can collect content items (e.g., posts and
comments) from an Arabic social media website. The con-
tent items retrieved from the website can be written or
spoken in different dialects of Arabic.

At block 506, the process 500 identifies parameters for
dialect classification. In some implementations, the param-
eters can include source data, e.g. data about the context of
the content item. For example, the content item may be
received along with a tag indicating that the content item is
from a website designed for users with a particular language
dialect. The source data can also include source URL link
indicating that the content item is a comment to a web article
written in a language dialect. For example, the process 500
can identify particular types of spelling, punctuation, gram-
mar, word ending, or word that are specific to the dialect.
The spelling, punctuation, grammar, word ending, or words
found in the content item help the process 500 to determine
whether the content item is in the particular dialect. In some
implementations, the process 500 can use a list of words that
are common in the dialect. If the content item frequently
recites these common words, there is a high probability that
the content item is in that dialect. In some implementations,
the process 500 can organize the words from the content
item into categories.

In some implementations, the process 500 determines
weight values for different parameters. For example, the
process 500 may decide to assign a high weight value for a
particular spelling, and to assign a low weight value for a
particular grammar pattern since the grammar pattern can be
found in other dialects as well. Some word endings may be
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dialect-specific, while some other word endings may be for
dialects generally in the language. The process 500 may
assign different weight values depending on whether a word
ending is dialect-specific or not.

At block 508, the process 500 sorts content items into
dialect groups. The process 500 can sort the content items in
an open-ended fashion to group the content items into
multiple categories. For example, the process 500 can group
the content items based on the different word ending choices
in the content items. The categories can be associated with
known dialects, as well as potentially new dialects that are
not recognized by the system. The group of content items
that are associated with the unknown dialect may be sub-
classified into multiple unknown dialects. For example, the
system may be able to classify Arabic dialects including
Modern Standard Arabic (MSA), Iraqi dialect, Levantine
dialect, Gulf dialect and Egypt dialect. If the categorization
results contain a group of content items that do not fit into
any of the MSA dialect, Iraqi dialect, Levantine dialect, Gulf
dialect and Egypt dialect, the system may treat the group of
content items as in a sixth Arabic dialect for which the
system does not yet have good training data, e.g., the
Maghrebi dialect. The process of the sorting is explained in
detail in FIG. 6.

In some implementations, the system can use crowd
sourcing to help the process 500. The system can send the
content items and classification results to users. The users
can respond to confirm whether the classification is correct,
or give a ranking on the accuracy of the classification. The
system receives the confirmation and/or ranking from the
users and tunes the bootstrapping training data by removing
content items that are voted down by the users.

At block 510, the process 500 returns the classified
content items or identified dialects. The process 500 can
return the content items along with the grouping informa-
tion. The information can be included in the bootstrapping
training data to be used for building the classification engine
as illustrated at block 406.

FIG. 6 is a flow diagram illustrating a process 600 used in
some implementations for grouping content items. At block
604, the process 600 receives content items in a particular
language with identified dialect parameters. The process 600
proceeds to block 606 to set a content item as the current
content item.

The process 600 proceeds to block 608 to compute a value
for dialect identification in known dialects for the specified
language. For example, for each of the Arabic dialects, the
process 600 can compute a value suggesting the possibility
that the content item is in a particular Arabic dialect.

At decision block 610, the process 600 determines
whether the value for dialect identification is above a
threshold value. A value above the threshold value suggests
that the current content item is clearly in that dialect asso-
ciated with the value. If there is a value for dialect identi-
fication above the threshold value, the process 600 proceeds
to block 612 to classify the current content item as in a
known dialect cluster.

If there is no value for dialect identification above the
threshold value, meaning the content item cannot be
grouped into a particular known dialect, the process 600
proceeds to block 614 to determine if any of the identified
dialect parameters are distinctive. For example, in some
implementations, the content items can contain distinctive
word endings or distinctive word uses that can be identified
as indicative of the content item being dialect-specific, even
if it is not for a known dialect.
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At decision block 616, the process 600 determines
whether there is an existing dialect cluster that matches the
distinctive parameters. For example, a previous content item
can be identified as using a specific set of word endings. The
current content item can be identified as having a distinctive
parameter using the same word endings. If there is an
existing dialect cluster that matches the distinctive param-
eters, the process 600 adds the current content item to the
selected dialect cluster at block 620. If there is no existing
dialect cluster that matches the distinctive parameters, the
process 600 creates a new dialect cluster as a selected dialect
cluster at block 618.

At decision block 622, the process 600 determines
whether there are more content items to be classified. If there
are more content items, the process 600 proceeds to block
624 to set a next content item as the current content item, and
moves back to block 618 to compute a value for dialect
identification. If there are no more content items, the process
600 proceeds to block 626 to return the dialect clusters.

Several implementations of the disclosed technology are
described above in reference to the figures. The computing
devices on which the described technology may be imple-
mented may include one or more central processing units,
memory, input devices (e.g., keyboard and pointing
devices), output devices (e.g., display devices), storage
devices (e.g., disk drives), and network devices (e.g., net-
work interfaces). The memory and storage devices are
computer-readable storage media that can store instructions
that implement at least portions of the described technology.
In addition, the data structures and message structures can be
stored or transmitted via a data transmission medium, such
as a signal on a communications link. Various communica-
tions links may be used, such as the Internet, a local area
network, a wide area network, or a point-to-point dial-up
connection. Thus, computer-readable media can comprise
computer-readable storage media (e.g., “non-transitory”
media) and computer-readable transmission media.

As used herein, being above a threshold means that a
value for an item under comparison is above a specified
other value, that an item under comparison is among a
certain specified number of items with the largest value, or
that an item under comparison has a value within a specified
top percentage value. As used herein, being below a thresh-
old means that a value for an item under comparison is
below a specified other value, that an item under comparison
is among a certain specified number of items with the
smallest value, or that an item under comparison has a value
within a specified bottom percentage value. As used herein,
being within a threshold means that a value for an item under
comparison is between two specified other values, that an
item under comparison is among a middle specified number
of'items, or that an item under comparison has a value within
a middle specified percentage range.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
features or acts described above. Specific embodiments and
implementations have been described herein for purposes of
illustration, but various modifications can be made without
deviating from the scope of the embodiments and imple-
mentations. The specific features and acts described above
are disclosed as example forms of implementing the claims
that follow. Accordingly, the embodiments and implemen-
tations are not limited except as by the appended claims.

Any patents, patent applications, and other references
noted above, are incorporated herein by reference. Aspects
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can be modified, if necessary, to employ the systems,
functions, and concepts of the various references described
above to provide yet further implementations. If statements
or subject matter in a document incorporated by reference
conflicts with statements or subject matter of this applica-
tion, then this application shall control.
I claim:
1. A method, comprising:
selecting, by a computing device, an initial training data
set as a current training data set, wherein the initial
training data set is selected by:
receiving one or more initial content items; and
establishing dialect parameters for two or more of the
initial content items, wherein the dialect parameters
identify a first of the two or more of the initial
content items as being composed in a first dialect and
identify a second of the two or more of the initial
content items as being composed in a second dialect;
generating, by the computing device and based on the
initial training data set and corresponding dialect
parameters, a dialect classifier configured to detect
language dialects of content items to be classified as
being in one of two or more dialects, the two or more
dialects including at least the first dialect and the
second dialect;
augmenting, by the computing device, the current training
data set with additional training data by applying the
dialect classifier to candidate content items, wherein at
least one of the candidate content items that is in the
augmented current training data set was not included in
the initial training data set;
updating the dialect classifier based on the augmented
current training data set; and
returning the updated dialect classifier, wherein the
updated dialect classifier is configured to identify addi-
tional content items that are not in the initial training
data and are not in the augmented current training data
set as being in one of the two or more dialects.
2. The method of claim 1, wherein the establishing
includes:
identifying content items associated with one or more
specified locations identified as correlated to a dialect;
identifying content items authored by one or more users
identified as correlated to the dialect;
identifying content items that use one or more n-grams,
n-gram types, or word endings correlated to the dialect;
identifying content items that use punctuation or grammar
in a manner correlated to the dialect; or
identifying content items that are correlated to the dialect
based on user interaction with the content items; and
sorting the initial content items into one or more dialect
groups based on the established dialect parameters.
3. The method of claim 1, further comprising:
evaluating the current training data set using the dialect
classifier;
identifying incorrectly classified training data items
within the current training data set;
updating the current training data set by removing the
incorrectly classified training data items from the cur-
rent training data set; and
updating the dialect classifier based on the updated cur-
rent training data set.
4. The method of claim 1, further comprising:
determining that the dialect classifier has not been com-
pleted;
identifying additional training data by applying the dialect
classifier to additional candidate content items; and
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updating the dialect classifier based on an updated version
of the current training data set that includes the addi-
tional training data.

5. The method of claim 1, further comprising:

determining a language dialect of a content item by

applying the dialect classifier on the content item.

6. The method of claim 1, further comprising:

generating a language model for the language dialect

based on the current training data set.

7. The method of claim 6, further comprising:

translating a content item into the language dialect by

using the language model.

8. The method of claim 6, further comprising:

recognizing, using the language model, a dialect of an

audio portion of a content item to convert into text.

9. The method of claim 1 further comprising sorting the
initial content items by:

receiving content items with the dialect parameters;

selecting a content item from the content items as a

current content item;

computing a value for dialect identification for the current

content item; and

classifying the current content item as in the dialect in the

event that the value for dialect identification exceeds a
threshold value.

10. The method of claim 9, wherein the value for dialect
identification does not exceed the threshold value and the
sorting further comprises:

identifying a distinctive dialect parameter from the dialect

parameter; and

determining whether an existing dialect cluster of content

items matches the distinctive dialect parameter.

11. The method of claim 10, wherein sorting the initial
content items further comprises:

in the event that no existing dialect cluster matches the

distinctive dialect parameter, creating a new dialect
cluster as a selected cluster;

in the event that an existing dialect cluster matches the

distinctive dialect parameter, setting the existing dialect
cluster as the selected cluster; and

adding the content item to the selected cluster.

12. The method of claim 9, wherein sorting the initial
content items further comprises:

determining whether there are additional content items;

in the event that there are additional content items, setting

a next content item from the received content items as
the current content item; and

in the event that there are no additional content items,

returning the dialect clusters.

13. A non-transitory computer-readable storage medium
storing instructions that, when executed by a computing
system, cause the computing system to perform operations
for creating a dialect-specific training data set, the operations
comprising:

selecting an initial training data set as a current training

data set, wherein the initial training data set is selected

by:

receiving one or more initial content items;

establishing dialect parameters for two or more of the
initial content items, wherein the dialect parameters
identify a first of the two or more of the initial
content items as being composed in a first dialect and
identify a second of the two or more of the initial
content items as being composed in a second dialect;
and
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sorting each of the initial content items into one or more
dialect groups based on the established dialect
parameters;
generating, based on the initial training data set and
corresponding one or more dialect groups, a dialect
classifier configured to detect language dialects of
content items to be classified as being in one of two or
more dialects, the two or more dialects including at
least the first dialect and the second dialect;
augmenting the current training data set with additional
training data by applying the dialect classifier to can-
didate content items, wherein at least one of the can-
didate content items that is in the augmented current
training data set was not included in the initial training
data set; and
updating the dialect classifier based on the augmented
current training data set; and
returning the updated dialect classifier, wherein the
updated dialect classifier is configured to identify addi-
tional content items that are not in the initial training
data and are not in the augmented current training data
set as being in one of the two or more dialects.
14. The computer-readable storage medium of claim 13,
wherein establishing the dialect parameters comprises:
identifying content items associated with one or more
specified locations identified as correlated to a dialect.
15. The computer-readable storage medium of claim 13,
wherein establishing the dialect parameters comprises:
identifying content items authored by one or more users
identified as correlated to the dialect.
16. The computer-readable storage medium of claim 13,
wherein establishing the dialect parameters comprises:
identifying content items that use one or more n-grams,
n-gram types, or word endings correlated to the dialect.
17. The computer-readable storage medium of claim 13,
wherein establishing the dialect parameters comprises:
identifying content items that use punctuation or grammar
in a manner correlated to the dialect.
18. The computer-readable storage medium of claim 13,
wherein establishing the dialect parameters comprises:
identifying content items that are correlated to the dialect
based on user interaction with the content items.
19. A computing device, comprising:
an interface configured to receive one or more initial
content items;
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a data bootstrapping module configured to select an initial
training data set as a current training data set, wherein
the data bootstrapping module selects the initial train-
ing data set by:
establishing dialect parameters for two or more of the
initial content items, wherein the dialect parameters
identify a first of the two or more of the initial
content items as being composed in a first dialect and
identify a second of the two or more of the initial
content items as being composed in a second dialect;
and

sorting each of the initial content items into one or more
dialect groups based on the established dialect
parameters;
a dialect classifier generation module configured to gen-
erate a dialect classifier based on the initial training
data set and corresponding one or more dialect groups,
the dialect classifier configured to detect language
dialects of content items to be classified; and
a dialect classifier application module configured to aug-
ment the current training data set with additional train-
ing data by applying the dialect classifier to candidate
content items, wherein at least one of the candidate
content items that is in the augmented current training
data set was not included in the initial training data set;
wherein the dialect classifier generation module is further
configured to:
update the dialect classifier based on the augmented
current training data set, and

returning the updated dialect classifier, wherein the
updated dialect classifier is configured to identify
additional content items that are not in the initial
training data and are not in the augmented current
training data set as being in one of the two or more
dialects.

20. The computing device of claim 19, further compris-
ing:

a crowd sourcing module configured to generate user
inquiries regarding the dialect of the content items and
to augment the current training data set based on results
of the user inquiries.

21. The computing device of claim 19, wherein the data
bootstrapping module is configured to establish dialect
parameters by identifying spelling of words in the content
items that are distinctive for a language dialect.
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